ABSTRACT. Background: The primary goal of this study was to examine the relationship between anxiety symptomatology and substance use (alcohol use and drug use) during adolescence, systematically by gender and race/ethnicity. Methods: Self-report surveys were administered to 905 15-17-year-old adolescents (54% girls) in the spring of 2007. Results: Results from multiple group analyses indicated that the relationship between anxiety and substance use differs by gender and race/ethnicity. For Caucasian and African American boys, higher levels of social anxiety and separation anxiety were related to less substance use. In contrast, higher levels of generalized anxiety disorder and panic disorder were associated with more substance use for African American boys. The pattern was much less striking for girls. For Caucasian girls, higher levels of significant school avoidance were linked to more substance use, and consistent with the results for boys, higher levels of separation anxiety were associated with less substance use. None of the anxiety disorders were related to substance use for African American girls or Hispanic girls or boys. Conclusions: Findings from this study highlight the need to distinguish between different anxiety disorders. In addition, they underscore the importance of considering both gender and race/ethnicity when examining the relationship between anxiety and substance use during adolescence.
INTRODUCTION
During adolescence, numerous changes take place both within the individual (e.g., puberty, the development of advanced cognitive abilities) and in the individual's contexts (e.g., family, peers, school). 1, 2 In addition to these normative changes, non-normative changes (e.g., parental job loss, parental deployment) occur for many adolescents. Given all of the changes that occur in a relatively short period of time, it is not surprising that adolescence is a critical period for the development of internalizing problems, including anxiety disorders.
Many studies have shown that the prevalence of internalizing problems increases dramatically during adolescence. [3] [4] [5] However, the majority of investigations have focused on depression. Relatively few studies have focused on anxiety, which is unfortunate because some research has indicated that anxiety is as common as depression during adolescence. 6 Of note, prevalence rates for clinical anxiety disorders in children and adolescents range from 8.3% to 27%. 7 Subclinical levels of anxiety are important to consider as well because many youth experience mild to moderate levels of anxiety, which may negatively affect their functioning. 8 According to the negative affect regulation model, 9, 10 individuals who experience high levels of anxiety may use alcohol and/or drugs to lessen their symptoms. Indeed, some research has indicated that individuals with anxiety use alcohol as a way to cope with their anxious feelings. 11, 12 Consistent with the negative affect regulation model, research on adults has shown that anxiety disorders and substance use disorders tend to cooccur. 13 Although comparatively less research has been conducted on adolescents, anxiety and substance use appear to similarly co-occur during adolescence. 14 In one of the few studies examining anxiety and substance use in preadolescents and young adolescents, anxiety was found to predict substance use disorders later in adolescence. 15 In another study examining adolescents, a strong association between anxiety and alcohol abuse was found. 16 Similarly, in a study examining college students, youth who reported panic attacks were significantly more likely to use drugs (sedatives, cocaine, stimulants) in comparison with those who did not report panic attacks. 12 Taken together, results from these studies are informative and indicate a relationship between anxiety and substance use. It should be noted, however, that some of the studies just discussed did not consider gender differences and none of the studies examined racial/ethnic differences in the relationship between anxiety and substance use. Neglecting to examine gender differences in the relationship between anxiety and substance use is unfortunate given that girls are more likely to experience internalizing symptomatology than are boys [17] [18] [19] [20] and boys are more likely to be heavier substance users in comparison to girls. 21, 22 Furthermore, there is some evidence that anxiety and substance use differ by race/ethnicity. For instance, Hispanic adolescents appear to be more likley to experience anxiety than Caucasian and African American adolescents. 23, 24 The limited research available also suggests that African American adolescents are less likely to use both alcohol and drugs than Caucasian and Hispanic adolescents. [25] [26] [27] Given that gender and racial/ethnic differences have been observed for anxiety and substance use during adolescence, the association between anxiety and substance use also is likely to depend on gender and race/ethnicity.
Consistent with the broader literature, the studies just discussed were limited by their reliance on a specific anxiety disorder or overall indicator of general anxiety. The differential associations between separate anxiety disorders and substance use disorders were not examined. However, the relationship between anxiety and substance use may differ depending on the anxiety disorder assessed. During adolescence, substance use is normative. 28 In addition, an adolescent's substance use is closely tied to the substance use of his/her peers. 29, 30 This point is key given that some of the anxiety disorders may influence the amount of time that is spent with peers. Youth with social anxiety, for instance, are likely to spend less time interacting with their peers because of their avoidant behavior, in comparison to youth with other anxiety disorders (e.g., generalized anxiety disorder). 31, 32 The avoidance of peer interaction, in turn, may decrease substance use involvement. The use of substances to self-medicate also may differ by anxiety disorder. According to the negative affect regulation model, 9, 10 alcohol and drugs may be used to decrease negative affect, including high levels of anxiety. It may be that disorders that produce more acute levels of anxiety (e.g., panic disorder) are more likely to lead to self-medication with substances. Clearly, the use of overall anxiety symptomatology scores masks important differences that are likely to be found across the different anxiety disorders.
It also is important to note that prior research has found anxiety to be closely linked to depression during adolescence. 33 Recent research suggests that anxiety and depression share common risk factors, 34 but are unique and are not interchangeable. 33, 35 Because anxiety and depression share both common and unique variance, 36, 37 it is important for research examining adolescent anxiety to consider adolescent depression as well.
Given the limitations of the current literature, the goal of the present study was to more rigorously examine the relationship between anxiety and substance use during adolescence. Adolescent anxiety was examined at a finer level by assessing the specific anxiety disorders. Importantly, adolescent depression was taken into account so that the unique effect of anxiety on substance use could be assessed. In addition, both gender and racial/ethnic differences in the relationship between anxiety and substance use were examined. In sum, the present study was designed to examine whether the patterns of relations between the anxiety disorders and substance use differ by gender and/or race/ethnicity during adolescence.
METHODS

Participants
The sample included 905 10th-and 11th-grade students (54% girls) from the Mid-Atlantic region of the United States. The adolescents were between 15 and 17 years of age, with a mean age of 16.10 (SD D .67). Sixty-three percent of the adolescents were Caucasian, 24% were African American, and 13% were Hispanic. Many of the minority youth lived in the inner city (85% of youth attending participating inner-city schools were minority youth in the present study). In addition, 89% of the adolescents lived with their biological mother and 61% lived with their biological father. The majority of mothers (96%) and fathers (95%) had graduated from high school.
Procedures
The study protocol was approved the the University of Delaware's Institutional Review Board. Seven public high schools in the MidAtlantic region (Delaware, Pennsylvania, and Maryland) participated. During the spring of 2007, 10th-and 11th-grade students from these schools who provided assent, and who had parental consent, were administered a self-report survey in school by trained research staff (all of whom were certified in human subjects training). Seventy-one percent of the adolescents attending the participating schools participated in the study. The survey took approximately 40 minutes to complete. After completing the survey, participants were compensated with a free movie pass.
Measures
Demographic variables
Participants were asked to report their gender, race/ethnicity, age, and their parents' highest education level completed (1 D elementary school to 6 D graduate or medical school).
Anxiety
The 41-item Screen for Child Anxiety Related Disorders 38 (SCARED) was used to assess adolescent anxiety. A sample item is "I am nervous." The response scale ranges from 0 D not true or hardly ever true to 2 D very true or often true. The SCARED has good psychometric properties. 39, 40 Continuous scale scores indicating anxiety symptomatology were used in the present study. The Cronbach alpha coefficients for the SCARED scales in the present sample were as follows: generalized anxiety disorder D .87, panic disorder D .88, separation anxiety disorder D .78, significant school avoidance D .60, and social anxiety disorder D .86.
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Substance use
The adolescents were asked to report how much, on the average day, they usually drank (beer, wine, or liquor) in the last 6 months (separate questions were used for beer, wine, and liquor) using the following response scale:
drinks, and 9 D more than 8 drinks. A drink was defined as a can/bottle of beer, a glass of wine, or a drink containing liquor (1 shot D 1 ounce). In addition, they were asked to report how often they usually had a drink (beer, wine, or liquor) in the last 6 months using the following response scale: 0 D never, 1 D a few times, 2 D about once a month, 3 D 2-3 days a month, 4 D about once a week, 5 D 2-3 days a week, 6 D 4-5 days a week, and 7 D every day. Based on this information, a total alcohol quantity £ frequency score was calculated. Because this score was positively skewed, the logarithmic transformation was used. Youth also were asked how many times they drank 6 or more drinks (cans/bottles of beer, glasses of wine, or drinks of liquor) on 1 occasion in the last 6 months. This variable was positively skewed. Therefore, it was linearly transformed as well.
In addition, the adolescents were asked how frequently they had used marijuana, sedatives, stimulants, inhalants, hallucinogens, cocaine or crack, and opiates (nonmedical use only) in the last 6 months. The response scale ranged from 0 D no use to 7 D every day. A total drug use score was calculated by summing the scores of the 7 different types of drugs. Because this score was positively skewed, the logarithmic transformation was used.
Overall, 39% of the adolescents reported consuming alcohol in the 6 months prior to data collection. Binge drinking was relatively high (6 or more drinks at one time)-22% for liquor, 17% for beer, and 9% for wine. In addition, 17% of the adolescents reported using an illicit drug in the past 6 months. Marijuana was the most common illicit drug reported, with 16% of the youth reporting marijuana use in the 6 months prior to data collection.
Depression
The 20-item Center for Epidemiological Studies Depression Scale for Children 41 (CES-DC) was used to measure adolescent depresssion. Depressive symptomatology was included as a covariate because research has shown that anxiety and depression during adolescence are closely related to one another. 33 A representative CES-DC item is "I felt sad." The response scale ranges from 1 D not at all to 4 D a lot. The CES-DC is a reliable and valid measure of depressive symptomatology. 42 The Cronbach alpha coefficient for the CES-DC was .91 in our sample.
Statistical Analysis Plan
The present study was designed to explore whether patterns of relations between anxiety disorders and substance use differ by gender and/or race/ethnicity during adolescence. To address this question, as a first step, multiple group analysis models were conducted to examine whether the primary analyses should be run separately by gender and/or race/ethnicity. Multiple group analyses allow for a more rigorous examination of group differences in comparison to simply including the grouping variable (e.g., gender) as a covariate or separately conducting models by the grouping variable. The latter methods do not formally test whether differences in the grouping variable are statistically significant. In contrast, a multiple group analysis is able to test for the invariance of path coefficients, variances, and covariances across the grouping variable (e.g., gender). In line with the recommendations of Vandenberg and Lance 43 for testing invariance across groups, an unconstrained model with freely estimated parameters was compared with models constraining path coefficients, intercepts, means, variances, covariances, and residuals to be equal across groups.
Structural equation modeling (SEM) was employed to examine whether anxiety symptomatology predicted substance use. Importantly, SEM may examine multiple relations simultaneously. In the present study, symptomatology scores for the anxiety disorders were specified as exogenous variables and the substance use variables were specified as endogenous variables. The age of the adolescent, parental education, and adolescent depressive symptoms were included as additional exogenous variables as covariates. In the present study, full information maximum likelihood (FIML) 44 was used to handle missing data. FIML uses all of the available data (the covariance matrix and a vector of the means) to produce maximum likelihood-based sufficient statistics. Of note, FIML has been found to yield unbiased parameter estimates. 44 
RESULTS
Multiple Group Analyses
First, a baseline model pooling all data (including both genders and all racial/ethnic groups) was conducted. Consistent with the recommendations of Vandenberg and Lance for examining invariance across groups, 43 this unconstrained baseline model (Model 1) was compared with a series of increasingly constrained models to test for invariance. In Model 2, the regression weights were constrained to be equal across groups. Model 3 additionally constrained the intercepts; Model 4 constrained the means; Model 5 constrained the covariances; and Model 6 constrained the residuals.
The baseline unconstrained model yielded a good fit to the data (x 2 (34) D 38.56, P D .27; comparative fit ındex [CFI] D 1.00; root mean square error of approximation [RMSEA] D .01). In contrast, the constrained models fit the data poorly. All of the constrained models for both gender and race/ethnicity were significant. In addition, results from the x 2 difference test comparing the constrained models with the unconstrained baseline model indicated that the constrained models provided a significantly worse fit to the data in comparison with the unconstrained baseline model in all instances (P values ranged from .00 to .02). Therefore, the subsequent analyses were conducted separately by gender and race/ethnicity.
Structural Equation Modeling
Caucasian boys
The model for Caucasian boys yielded a good fit to the data ( 
Caucasian girls
The model for Caucasian girls also fit the data well (x For Causcasian girls, higher levels of school avoidance symptomatology predicted more alcohol use (b D .13, P < .05), more frequent binge drinking (b D .17, P < .05), and more drug use (b D .13, P < .05) (see Figure 2 ). In contrast, higher levels of separation anxiety symptomatology predicted less alcohol use (b D ¡.10, P < .05). Two of the control variables also were significant-older age (b D .11, P < .05) and depressive symptoms predicted more frequent drug use (b D .12, P < .05) for Caucasian girls (see Figure 2) .
African American boys
The model for African American boys provided a good fit to the data ( 
African American girls
The model for African American girls yielded a good fit to the data ( 
Hispanic boys
The model for Hispanic boys provided an acceptable fit to the data ( 
Hispanic girls
The model for Hispanic girls also provided a good fit to the data ( 
DISCUSSION
In the present study, results from multiple group analyses indicated that the relations between anxiety and substance use differ by gender and race/ethnicity. Furthermore, the SEM results yielded a different pattern depending on gender and race/ethnicity. For both Caucasian and African American boys, higher levels of social anxiety symptomatology predicted less alcohol use and higher levels of separation anxiety symtomatology predicted less drug use. In contrast, higher levels of generalized anxiety disorder symptomatology and panic disorder symptomatology predicted more frequent alcohol and drug use for African American boys. The pattern was much less striking for girls. For Caucasian girls, higher levels of significant school avoidance symptomatology predicted more frequent alcohol use, binge drinking, and drug use. Consistent with the boys' results, higher levels of separation anxiety symptomatology also predicted less alcohol use. Of note, none of the anxiety disorders predicted alcohol or drug use for African American girls or Hispanic girls. The reasons why the anxiety disorders were more consistently related to substance use for boys than for girls are not clear. Given that girls C. MCCAULEY OHANNESSIAN tend to use alcohol and drugs less than boys during adolescence, 45, 46 perhaps there simply was less variation in the substance use variables, resulting in fewer significant findings. Alternatively, it may be that boys are more likely to use illicit substances to treat their anxiety symptoms, whereas girls are more likely to use licit substances (e.g., prescribed medication) to treat their anxiety symptoms. Indeed, among adults, women have been found to be more likely to seek treatment for anxiety problems in comparison with men. 47 Future research should examine whether treatment seeking plays a role in the gender differences observed in this study.
In regard to race/ethnicity, anxiety was found to predict substance use for Caucasian and African American youth, but not for Hispanic youth. None of the anxiety disorders predicted substance use for Hispanic adolescents. It may be that the centrality of the family in the Hispanic culture, familism, 48 protects youth from substance use involvement during adolescence. Importantly, in the Hispanic culture, familism is related to feelings of personal responsibility for the entire family, as well as for the self. 49 It should be noted, however, that findings from this study are in contrast to prior studies that have examined younger Hispanic youth. 23, 24 Perhaps familism and the potential influence that it has on feelings of responsibility and subsequent substance use involvement become stronger as adolescents mature. Longitudinal research is needed to examine the role that familism may play in protecting Hispanic youth from developing problems such as substance abuse over time as adolescence progresses.
In the present study, the pattern of findings was most striking for African American boys. For African American boys, social anxiety predicted less alcohol and drug use. Separation anxiety predicted less drug use as well. These findings are not surprising given that youth with social anxiety and separation anxiety may Control variables, covariances, and disturbance terms are not displayed. *P < .05; **P < .01; ***P < .001.
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SUBSTANCE ABUSE spend relatively little time with their peers, which may protect them from substance use involvement. In contrast, generalized anxiety predicted more drug use, and panic disorder predicted more alcohol use, more frequent binge drinking, and more drug use. Acute anxiety (e.g., associated with panic disorder) was strongly related to greater alcohol and drug use for African American boys. Of note, many of the African American youth in this study resided in the inner city (85% of youth attending participating inner-city schools were minority youth in the present study). These youth may have been more likely to experience acute anxiety given their greater exposure to poverty, crime (including drugrelated crime), and gangs in the city. Moreover, these youth also may have had greater access to drugs in comparison with other youth in this study since drug trafficking has been shown to be heavier in cities than in the suburbs. 50 Many African American boys in this study likely were exposed to the stressors that are inherent to living in the city, along with easy accessibility to drugs, likely increasing their risk for both anxiety and substance use. Therefore, it would be important for future research to replicate these findings in samples of youth where region and neighborhood were controlled via design.
An interesting pattern of relations also was observed for Caucasian girls. For this group, significant school avoidance symptomatology was related to more alcohol use, more frequent binge drinking, and more drug use. Depression was related to more drug use for this group as well. Perhaps one way in which Caucasian girls cope with school-related anxiety and depression is by using alcohol and drugs (e.g., self-medication). Prior reearch has found support for the self-medication hypothesis for adolescents. 51 For example, negative affect has been shown to be associated with increased substance use over time during adolescence. 51 It also should be noted that substance use may increase school-related anxiety and depression. Furthermore, poor academic performance may mediate this relationship. Additional research is needed to address the direction of effect and to examine potential mediating variables such as academic performance and peer relatationships.
Although this study extends the current literature by systematically examining gender and racial/ethnic differences in the relationship between anxiety and substance use in a large, diverse group of adolescents, a few caveats should be noted. The sample included youth who attended high school in the Mid-Atlantic region of the United States. Therefore, caution should be taken in generalizing the findings to other youth. In addition, the data were collected via self-report surveys. Even though research has indicated that youth are accurate reporters of their own behaviors, 52 including their substance use, 53 it would be informative to corroborate the findings from this study with research using other types of methodology (e.g., parent reports). In addition, it should be noted that the present study did not use a calendar method such as the Time-Line Follow-Back to assess substance use. Nevertheless, the substance use measures used in this study were able to capture prior substance use because the adolescents were instructed to complete the alcohol and drug use measures in regard to the previous 6 months. As noted, the study also was cross-sectional. Therefore, the direction of the relationship between anxiety and substance use could not be addressed. An important next step will be to examine whether the direction of effect between anxiety and substance use differs by gender and/or race/ethnicity. It also would be important for future research to examine the realtionship between anxiety disorder and substances use consequences.
Substance use consequences measures were not available because the larger project was designed to examine predictors of adolescent substance use. Despite the limitations, findings from this study clearly highlight the importance of considering both gender and race/ethnicity when examining the relationship between anxiety and substance use during adolescence. Moreover, results from this study underscore the need to distinquish between different types of anxiety and the manner in which they may differentially relate to adjustment during adolescence.
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